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Description 

HVAC SYSTEM FOR A VEHICLE WITH 
CONCEALED VENTS 

Background of Invention 

[0001] The present invention relates to vehicle heating, ventila- 
tion, and air-conditioning (HVAC) systems and the duct- 
work contained therein. More particularly, the present in- 
vention relates to an HVAC system with output vents that 
occupy a minimal amount of dashboard space. 

[0002] Automobiles typically include a dashboard or instrument 
panel that is mounted within a forward portion of the in- 
terior cabin of a vehicle. The dashboard is often config- 
ured to engage with an HVAC system. The HVAC system is 
used for the treating and delivering of air into the passen- 
ger compartment for thermal and humidity control 
therein. 

[0003] An HVAC system typically includes a centrally located 

housing having a fan, an air-conditioning evaporator, and 
a heater core. Several ducts or air channels extend from 



the housing to grilled vents. Air flows into the HVAC sys- 
tem, is conditioned, passes through the vents, and enters 
the passenger compartment. 

[0004] it j S desirable to quickly obtain a set temperature within 

an interior cabin of a vehicle. It is also desirable to provide 
multiple climate-controlled zones that are uniformly 
heated or cooled. Climate-controlled zones refer to areas 
within a vehicle that are set at different temperatures. 
With the ever increasing desire for improved temperature 
ramp up times, for uniform air conditioned climates, and 
for an increased number of different climate-controlled 
zones, comes an increased number of vents and corre- 
sponding ducts. The vents and ducts occupy space both 
interior to and on the surface of the dashboard. It is not 
uncommon for a single dashboard to have 5-10 different 
vents with corresponding ducts. 

[0005] since such a large amount of cross-sectional surface area 
and internal space of a dashboard is occupied by the 
vents and ducts of an HVAC system, there is less space for 
other vehicle systems, such as electronic systems, control 
systems, and audio and video systems. There also exists 
less storage space, such as glove box space. The large 
space usage by the vents and ducts also hinders the de- 



sign and layout of a dashboard and of the interior cabin of 
a vehicle. 

[0006] Thus, there exists a need for an improved HVAC system 
that satisfies current HVAC system requirements and de- 
sires and utilizes a minimal amount of dashboard surface 

area and internal space. 
Summary of Invention 

[0007] The present invention provides an air delivery system for a 
vehicle that includes an air plenum and a coupling joint 
that is coupled to the air plenum. The coupling joint is 
configured to reside between and is hidden by overlap- 
ping sections of a vehicle housing. An air transfer device 
passes air through the air plenum and the coupling joint. 

[0008] The embodiments of the present invention provide several 
advantages. One such advantage is the provision of an 
HVAC system that includes an air outlet for an interior 
cabin of a vehicle that is hidden with respect to the line- 
of-sight of a vehicle occupant residing within a vehicle 
seat. 

[0009] Another advantage provided by an embodiment of the 
present invention is that it provides the provision of an 
HVAC system with vents and corresponding ducts that oc- 
cupy a reduced amount of cross-sectional surface area 



and internal space of a dashboard. 

[0010] Furthermore, the present invention is versatile in that it 
may be applied to various lock assemblies and ignition 
systems. Moreover It is yet another advantage of an em- 
bodiment of the present invention to provide an HVAC 
system with a reduced number of system components and 
thus reduced system complexity. 

[0011] The above-stated advantages of the present invention 
provide increased dashboard and interior cabin design 
flexibility. 

[0012] The present invention itself, together with further objects 
and attendant advantages, will be best understood by ref- 
erence to the following detailed description, taken in con- 
junction with the accompanying drawing. 
Brief Description of Drawings 

[0013] For a more complete understanding of this invention ref- 
erence should now be had to the embodiments illustrated 
in greater detail in the accompanying figures and de- 
scribed below by way of examples of the invention 
wherein: 

[0014] Figure 1 is a side cross-sectional and block diagrammatic 
view of an air control system for a vehicle incorporating a 
hidden overlapping dashboard coupling joint in accor- 



dance with an embodiment of the present invention; 

[0015] Figure 2 is a front view of a dashboard assembly incorpo- 
rating a hidden overlapping dashboard coupling joint in 
accordance with an embodiment of the present invention; 

[0016] Figure 3 is a schematic flow diagram illustrating air flow 
through an air control system in accordance with an em- 
bodiment of the present invention; 

[0017] Figure 4 is a side cross-sectional and block diagrammatic 
view of an air control system for a vehicle incorporating a 
hidden overlapping dashboard coupling joint in accor- 
dance with another embodiment of the present invention; 

[0018] Figure 5A is a top view of an air supply plenum in accor- 
dance with an embodiment of the present invention; 

[0019] Figure 5B is a top view of an air supply plenum in accor- 
dance with another embodiment of the present invention; 

[0020] Figure 5C is a top view of an air supply plenum in accor- 
dance with yet another embodiment of the present inven- 
tion; 

[0021] Figure 5D is a top view of an air supply plenum in accor- 
dance with still another embodiment of the present inven- 
tion; 

[0022] Figure 5E is a top view of an air supply plenum in accor- 
dance with another embodiment of the present invention; 



[0023] Figure 6 is a side cross-sectional view of a center console 
assembly incorporating a hidden overlapping coupling 
joint in accordance with another embodiment of the 
present invention; 

[0024] Figure 7 is a side cross-sectional view of a b-pillar as- 
sembly incorporating a hidden overlapping coupling joint 
in accordance with another embodiment of the present in- 
vention; 

[0025] Figure 8A is a rear cross-sectional view of a door panel 
assembly incorporating a hidden overlapping coupling 
joint in accordance with another embodiment of the 
present invention; and 

[0026] Figure 8B is a side cross-sectional view of the door panel 

assembly of Figure 8A. 
Detailed Description 

[0027] | n t ne following figures the same reference numerals will 
be used to refer to the same components. While the 
present invention is described primarily with respect to an 
HVAC system for a vehicle, the present invention may be 
adapted and applied in various locations within a vehicle 
or may be applied in other non-vehicle applications. The 
present invention may be applied in various locations 
within a vehicle, such as in a dashboard, in an overhead 



console, in a center console, in a pillar, in a door panel, or 
in other console or module locations where air vents or 
outlets may be utilized. 

[0028] | n the following description, various operating parameters 
and components are described for one constructed em- 
bodiment. These specific parameters and components are 
included as examples and are not meant to be limiting. 

[0029] Also, in the following description the term "hidden" refers 
to the inability of a vehicle occupant to visually see a par- 
ticular component while in a normal seated position. For 
example, a panel air outlet, plenum, or vent may be hid- 
den with respect to the line-of-sight of a vehicle occupant 
while seated in a vehicle seat in a normal upright seated 
position, but may be seen when viewed from a low view- 
ing angle, such as when lying down or leaning laterally to 
view a lower or under body portion of a dashboard. A ve- 
hicle component may be hidden for occupants that are 
within a specified height range or that are taller than a 
specified height threshold and may not be hidden for oc- 
cupants that are shorter. For example, a height range may 
be set at 5-6ft and a component may be hidden for occu- 
pants that are of a height within that height range. As an- 
other example, a height threshold may be set at 5ft and a 



component may be hidden for occupants that are shorter 
than 5ft. Of course, the height range and the height 
threshold may be set and any desired values. 

[0030] a vehicle component, such as an air plenum or an air vent, 
may be "horizontally hidden" or hidden from various dif- 
ferent angles. Horizontally hidden refers to the horizontal 
overlapping of component sections such that a compo- 
nent coupling joint, an outlet, an air vent, or an air 
plenum is not normally visible by a vehicle occupant, 
which is described in further detail below. 

[0031] Referring now to Figures 1 and 2, a side cross-sectional 
and block diagrammatic view of an air control system 10 
for a vehicle 12 incorporating an overlapping dashboard 
coupling joint 14 and a front view of a dashboard assem- 
bly 16 having the same in accordance with an embodi- 
ment of the present invention is shown. The air control 
system 10 is shown in the form of an HVAC system and 
includes the dashboard assembly 16, an air delivery sys- 
tem 18, and a controller 20. The air control system 10 
may be in the form of a heating system, a ventilation sys- 
tem, or an air-conditioning system. Air is circulated 
through a heater core 22 and/or an air-conditioning 
evaporator 24 via the air delivery system 18 through a 



hidden opening or gap 26 in the dashboard 16 and into 
an interior cabin 28 of the vehicle 12. Although the air 
control system 10 is described primarily with respect to a 
dashboard application, the air control system 10 may be 
applied to other vehicle interior assembly applications, 
some of which are mentioned above. 

[0032] The dashboard 16 includes a first or upper housing sec- 
tion 30 and a second or lower housing section 32. An up- 
per portion 34 of the lower section 32 is recessed relative 
to a lower portion 36 of the upper section 30 such that 
the upper section 30 horizontally overlaps the lower sec- 
tion 32. The upper section 30 and the lower section 32 
may be in various sizes, shapes, and styles. The upper 
section 30, the lower section 32, and the coupling joint 14 
may be integrally formed as a single module or may be 
separate components as shown. The upper section 30, the 
lower section 32, and the coupling joint 14 may be injec- 
tion molded, formed using stereolithography, or formed 
using some other technique known in the art. 

[0033] one or more coupling joints, such as coupling joint 14, 
resides within the gap 26 between the upper section 30 
and the lower section 32. The coupling joint 14 is hidden 
with respect to the line-of-sight of a vehicle occupant re- 



siding within a vehicle seat. An example line-of-sight is 
designated by line 40. The gap 26 may be at various loca- 
tions on the dashboard 16, such as above a glove box 41. 

[0034] The coupling joint 14 couples the upper section 30 and 
the lower section 32 to one or more nozzles or air 
plenums 42 (only one is shown), which may have or be 
coupled to vents 44 (only one is shown). The coupling 
joint 14 may include a pair of horizontal segments 46 as 
shown or may include various other segments arranged in 
various other configurations, another example of which is 
provided with respect to Figure 4. 

[0035] The air delivery system 18 includes an air transfer device 
50 that delivers or passes air through the coupling joint 
14, the air plenum 42, the vent 44, and the ductwork 52. 
Although a specific number of coupling joints, air 
plenums, and vents are shown, any number of each may 
be utilized. The air plenum 42 is coupled to and may clip 
into and extend along the horizontal members 46. The 
vent 44 resides within, is coupled to, and may extend 
along the coupling joint 14 and the air plenum 42. 

[0036] The air plenum 42 and the vent 44 may also be attached 
to the coupling joint 14 via coupling members, such as a 
clip, a tab, a socket, a fitting, a fastener, or some other 



type of coupling member known in the art. A sample cou- 
pling member 54 is shown and is in the form of a bracket. 
[0037] The air plenum 42 and the vent 44 may be of various 

sizes, shapes, types, and styles known in the art. The air 
plenum 42 has outlets 56 with an outer edge 58. The 
outer edge 58 may be angled downward at an approxi- 
mate 45° angle relative to a horizontal plane 60 as shown 
or may be at various other angles. The angle a of the 
outer edge 58 relative to the horizontal plane 60 is such 
that the air plenum 42 is hidden from the line-of-sight 
40. Although the outer edge 58 is angled in a downward 
direction, the air plenum 42 may direct air inward and di- 
rectly at vehicle occupants or seats, as is designated by 
arrow 62. Although the air plenum 42 is hidden from the 
line-of-sight 40, the air plenum 42 may be seen when 
viewed directly and at a horizontal level approximately in 
line with or below that of the air plenum 42, as is shown 
in Figure 2. 

[0038] The vent 44 may include air flow adjustment devices 66 
that adjust the direction and the amount of air flow in one 
or more directions. The air flow adjustment devices 66 
may be used to adjust the flow of air in the fore, aft, and 
lateral directions. The air flow adjustment devices 66 may 



be used to vary the flow volume of air into the interior 
cabin 28 and may be used to stop or prevent the flow of 
air. The air flow adjustment devices 66 may include fins or 
vanes 68 that pivot on hinged mechanisms (not shown), 
flaps or butterfly valves 69 (which are best seen in Figure 
3), a thumbwheel shut off dial 70, a lateral adjustment 
lever 72, or other air flow adjustment devices known in 
the art. The thumbwheel dial 70 may actuate valve 108 in 
Figure 3. Although the air control system 10 includes vent 
44, which is in the form of a panel vent, it may include 
various other vents, such as defroster vents and floor 
vents. 

[0039] The ductwork 52 may be replaced with air lines or hoses. 
The hoses may be high-pressured lines such that they oc- 
cupy a smaller amount of space forward of the dashboard 
than is occupied by the ductwork 52. 

[0040] The air transfer device 50 may include a blower motor, a 
fan, a pump, and other air transfer components known in 
the art. The air transfer device 50 may be coupled up- 
stream or downstream from and pull, draw, circulate, 
pump, pass, force, or direct air through the heater core 22 
and the air-conditioning evaporator 24. 

[0041] The controller 20 is coupled to the air transfer device 50. 



The controller 20 controls temperature, pressure, volume, 
and type of air flowing through the air delivery system 18 
and into the interior cabin 28. The controller 20 may 
monitor and adjust the air temperature and provide a 
thermally controlled environment within the interior cabin 
28. 

[0042] The controller 20 may be microprocessor based such as a 
computer having a central processing unit, memory (RAM 
and/or ROM), and associated input and output buses. The 
controller 20 may be in the form of application-specific 
integrated circuits or may include other logic devices 
known in the art. The controller 20 may be a portion of a 
central vehicle main control unit, an interactive vehicle dy- 
namics module, or may be a stand-alone controller as 
shown. 

[0043] The controller 20 is coupled to a vehicle power bus 80 
from which it receives power. The vehicle power bus 80 
may be coupled to an ignition system 82 and receive 
power from a power source 84. The controller 20 may be 
enabled upon activation of the ignition system 82. The 
controller 20 may be coupled to various control switches, 
such as an activation control switch 86 and a variable 
temperature control switch 88, as shown. The activation 



control switch 86 is used to activate or enable the air con- 
trol system 10 and provide a thermally controlled envi- 
ronment within the interior cabin 28. The temperature 
control switch 88 is used to adjust the temperature in one 
or more zones within the interior cabin 28. The controller 
20 adjusts the temperature within the interior cabin 28, 
depending upon the setting of the temperature switch 88. 
[0044] The controller 20 may also be coupled to one or more 
temperature sensors 90. The temperature sensors 90 
generate temperature signals indicative of the tempera- 
ture within the interior cabin 28. The controller 20 com- 
pares the value of the temperature signal with a desired 
temperature setting on the temperature switch 88 and ad- 
justs temperature within the interior cabin 28, accord- 
ingly. 

[0045] Referring now to Figure 3, a schematic flow diagram illus- 
trating air flow through an air control system 10' in accor- 
dance with an embodiment of the present invention is 
shown. Air enters the ductwork 92, passes through an 
evaporator core 93, and may be directed to defroster 
vents (not shown), to panel vents (such as vent 44), and to 
floor vents (not shown) via a first passage 94, a second 
passage 95, and a third passage 96, respectively. 



[0046] The valves 69 are used to direct the flow of the air, repre- 
sented by arrows 97. A first valve 98 is used to select be- 
tween air exterior or interior to the interior cabin 24. Air 
from the interior cabin 28 may be referred to as recircu- 
lating air, represented by arrow 99. A second valve 100 
and a third valve 102 are used to direct the air 97 through 
a heater core 104. A forth valve 106 is used to direct air 
97 through the first passage 94. A fifth valve 108 is used 
to direct the air 97 through the second passage 95 and 
the third passage 96. When the air 97 is passed through 
the passage 95 it is directed through the ductwork 52' 
and through the air supply plenum 42'. Various vacuum 
and non-vacuum techniques known in the art may be uti- 
lized in operation of the valves 69. 

[0047] Referring now to Figure 4, a side cross-sectional and 

block diagrammatic view of an air control system 10" for a 
vehicle 12' incorporating a hidden overlapping dashboard 
coupling joint 14' in accordance with another embodiment 
of the present invention is shown. The coupling joint 14' 
is similar to the coupling joint 14 except that the angle a ' 
of the outer edge 58' is approximately at a 0° angle rela- 
tive to and is thus parallel to the horizontal plane 60. The 
coupling joint 14' may have notches (not shown) where 



the air plenum 42' and the vent 44' clip therein. 

[0048] The coupling joint 14' includes a pair of vertical sections 
109 and a horizontal section 110 that are coupled to the 
vertical sections 109. The vertical sections 109 may be 
substantially vertical and the horizontal section 110 may 
be substantially horizontal as shown or may be at other 
known angles. The horizontal section 110 has an interior 
side 111 and an exterior side 112. Although the coupling 
joint 14' is shown as being "n"-shaped, it may be in vari- 
ous other shapes known in the art while maintaining the 
hidden configuration thereof. The coupling joint 14' may 
reside above a glove box 41' as shown or may be in vari- 
ous other locations on the dashboard 16'. 

[0049] Referring now to Figures 5A-E, top views of sample air 
supply plenums are shown in accordance with multiple 
embodiments of the present invention. In Figure 5A, a 
first air supply plenum 114 is shown having an air supply 
tube 116 coupled to and angled off the back side 118 of 
the supply plenum 114. The air supply tube 116 may be 
coupled at various different angles to the first plenum 
114. In Figure 5B, a second air supply plenum 120 is 
shown having a side feed connection 122. The second 
plenum 120 may be a left-hand feed or a right-hand feed 



plenum. A butterfly valve 124 may be incorporated into 
the side feed connection 122. 

[0050] | n Figure 5C, a third air supply plenum 130 is shown hav- 
ing a semi-circular shape and a center air supply feed 
connection 132. In Figure 5D, a forth air supply plenum 
140 is shown being somewhat rectangular in shape and 
also having a center air supply feed connection 142. In 
Figure 5E, a fifth air supply plenum 150 is shown having a 
pair of side air supply feed connections 152. The air flow 
through the above-mentioned plenums is represented by 
arrows 156. Also, the above-mentioned plenums may 
have any number of feed connections. 

[0051] Referring now to Figure 6, a side cross-sectional view of a 
center console assembly 160 incorporating a hidden over- 
lapping coupling joint 162 in accordance with another 
embodiment of the present invention is shown. The center 
console 160 includes a housing 164 having a storage area 
166 with a lid 168. The coupling joint 162 resides in a 
rear portion 170 of the console 160 and is oriented such 
that an air supply plenum 172 is directed at passengers 
rearward of the console 160. The coupling joint 162 is 
similarly hidden from the passengers line-of-sight 174 
due to the horizontal overlapping of the upper section 



176 with the lower section 178 of the console 160. The 
coupling joint 162 receives air via the air supply line 180. 
[0052] Referring now to Figure 7, a side cross-sectional view of a 
b-pillar assembly 190 incorporating a hidden overlapping 
coupling joint 192 in accordance with another embodi- 
ment of the present invention is shown. The b-pillar as- 
sembly 190 includes a pillar housing 194 with a seat belt 
retractor 196 mounted within an inward protruding center 
section 198 thereof. The coupling joint 192 is located in a 
lower portion 200 of the center section 198 below the re- 
tractor 196. The coupling joint 192 is hidden due to the 
horizontal overlapping of the center section 198 with the 
lower section 202. Although the coupling joint 192 is 
shown as being configured and utilized within a b-pillar, 
the joint may be easily modified to be utilized within other 
vehicle pillars. 

[0053] Referring now to Figures 8A-B, a rear cross-sectional view 
and a side cross-sectional view of a door panel assembly 
210 are shown incorporating a hidden overlapping cou- 
pling joint 212 in accordance with another embodiment of 
the present invention. The door panel assembly 210 in- 
cludes an armrest 214. The coupling joint 212 is located 
underneath the armrest 214. An air supply plenum 216 



with air outlets 217 is coupled within the coupling joint 
212 and directs air inward, as designated by arrow 218. 
[0054] The present invention provides a simple, inexpensive, and 
efficient technique of providing air vents within a dash- 
board assembly while minimizing the amount of cross- 
sectional surface area occupied by the vents. The minimal 
use of cross-sectional surface area provides area for other 
vehicle systems, devices, and storage modules. The 
present invention also minimizes the amount of space uti- 
lized or occupied by an air control system within a dash- 
board housing. 

[0055] while the invention has been described in connection with 
one or more embodiments, it is to be understood that the 
specific mechanisms and techniques which have been de- 
scribed are merely illustrative of the principles of the in- 
vention, numerous modifications may be made to the 
methods and apparatus described without departing from 
the spirit and scope of the invention as defined by the ap- 
pended claims. 



